Background: Leptospirosis and brucellosis are zoonosis worldwide distributed that have great economic importance, especially in goats. This study aimed to carry out a cross-sectional study to determine the prevalence of anti-Leptospira spp. and anti-Brucella abortus antibodies and to determine epidemiological variables associated to infection by these ethiological agents in goats. Materials, Methods & Results: Serum samples were collected from 1055 goats of 95 properties distributed in 18 regional centers of Paraná State from April to August of 2010. Collected samples were submitted to microscopic agglutination test (MAT) for the detection of anti-Leptospira spp. antibodies with 22 reference serovars: Australis, Bratislava, Autumnalis, Butembo, Castellonis, Bataviae, Canicola, Fortbragg, Whitcombi, Cynopteri, Grippotyphosa, Hebdomadis, Copenhageni, Icterohaemorrhagiae, Panama, Pomona, Pyrogenes, Hardjo, Wolffi, Shermani, Tarassovi and Londrina 1 (L1). The samples were also submitted to buffered acidified plate antigen test (BAPA) and 2-mercaptoethanol test (2-ME) to detect anti-Brucella abortus antibodies. The results obtained from epidemiological and serological study were analysed by Epi Info 3.5.3. We observed 9.9% (104/1055) of goats reagents in at least one serovar of Leptospira spp. and no reagent animal to Brucella abortus. The variables that were statistically significant with leptospirosis were: production type meat, sewer destination in dry sump, frequent abortion, shared use of pastures, slaughter of animals on the property, the presence of pigs and wild animals such as deer and capybaras on the property. Discussion: This was the first study about antibodies prevalence against Leptospira spp. and Brucella abortus in goat herds from Paraná State. The presence of both animal species were statiscally associated to risk of leptospirosis. It is necessary avoid the acess of these animals in herds, decreasing the dissemination of the agent. The production type meat is a form of creation in which the animals have no care of zookeepers and continuous veterinary care. The final destination of sewage was statistically associated to risk of leptospirosis in goats and this is a big problem in rural properties, requiring greater attention of authorities for proper disposal of this wastewater, reducing water and food contamination. Among the variables related to management, the herds that used rented pasture or shared pastures also were statistically associated to risk of leptospirosis in goats; with the sharing of pastures a greater flow of animals transiting in the pickets occurs, allowing not only flocks of goats, but other species also, to use the same pastures and become more exposed to certain diseases. The slaughter of pigs, sheep, cattle and goats on the property is a problem for animal and human health due to lack of sanitary inspection. Abortion is one of the main clinical signs of leptospirosis in farm animals, particularly goats. The knowledge of these results will be useful to develop control programs for the disease in Paraná State herds. The absence of circulating anti-Brucella abortus antibodies in goat herds has also been reported in other Brazilian States.
INTRODUCTION
Goat farming is an economic activity explored all around the world and which is expanding. In 2011, the Brazilian herd was estimated at 9,384,894 animals. The South Region has 341,637 animals [17] , and of this total 185,206 animals are in Paraná State [18] .
Leptospirosis is a zoonosis worldwide distributed caused by infection by any pathogenic member of the genus Leptospira [8, 9, 34] , almost present in all countries, its occurrence is associated with moist periods [23, 25] . The reservoirs of leptospirosis are synanthropic and domestic animals, rodents are one of the main disseminators of the agent by the urine [4] . This disease can cause abortions and high mortality rate (over 40%) in young goats [3] . The serovars most commonly found in goats are Grippotyphosa, Pomona, Icterohaemorrhagiae, Autumnalis, Sejroe, Ballum and Canicola [25] .
Brucella melitensis is considered the main species of Brucella that affects goats. However, due to the co-creation of goats and cattle, there is the possibility to detect Brucella abortus in this species. The disease is characterized by reproductive signs such as abortions in the final stage of pregnancy, premature birth, infertility and low milk production [19] .
The aim of this work was to carry out an epidemiological cross-sectional study in goat herds from Paraná State, with the determination of the prevalence of antibodies anti-Leptospira spp. and anti-Brucella abortus and to determine variables related to environmental characteristics and property management associated to infection by these ethiological agents.
MATERIALS AND METHODS

Epidemiological Analysis
The state of Paraná is located in the southern region of Brazil with an extension of 199,709 Km 2 . It consists of 20 regional units of animal health, 399 municipalities and 4,515 properties of goat farming [26] . We have conducted a cross-sectional observational study. To raffle the goat herds and the animals to be selected to the study a database of 4,515 properties and 80,780 animals from SEAB-2009 was used. To calculate the sample size EpiInfo 3.5.
1 [7] was used with a prevalence estimated at 50%, error of 3.5%, 95% of confidence level and Deff of 1.5, resulting in 1,055 young and adult animals for a cluster sampling.
The sampling was performed in two stages: in the first stage, 95 properties were systematically raffled, covering 18 of the 20 regional units of animal health from Paraná State, in the second stage, goats were randomly selected according to the total number of animals on each property.
The samples were collected from April to August of 2010 after the signatures of a knowledge and authorization document by the owners. Blood collection was done by jugular venipuncture with 40 mm x 12 mm needles in vacuum tubes without anticoagulant. For the analysis of variables associated with Leptospira spp. and Brucella abortus infection, the owners answered an epidemiological questionnaire with information about the property, creation system, environmental and herd variables, such as: cleaning installations frequency, source of drinking water, final destination of sewage, the presence of marshy areas, sex, age, breeding system, production type, breed, management, presence of veterinary assistance, pastures in common with other properties, slaughtering of animals on the property, the presence of other livestock and/or wild animals, acquisition of new animals, requirement tests for the acquisition of new animals, annual worming, abortion, heat repetition and reproductive problems.
Serological Tests
All serum samples were tested for the detection of anti-Leptospira spp. antibodies with 22 reference serovars: Australis, Bratislava, Autumnalis, Butembo, Castellonis, Bataviae, Canicola, Fortbragg, Whitcombi, Cynopteri, Grippotyphosa, Hebdomadis, Copenhageni, Icterohaemorrhagiae, Panama, Pomona, Pyrogenes, Hardjo, Wolffi, Shermani, Tarassovi and Londrina 1 (L1).
Antigen cultures were maintained at 28°C from 5 to 10 days in modified EMJH medium (DIFCO®1). Serum samples able to agglutinate at least 50.0% of leptospires starting from titer levels of 100 were considered positive for leptospirosis. The sera from positive animals were diluted twofold to determine the maximum positive dilution [10] .
Serovars with the higher agglutination titers were considered the most likely match for animals. Samples with co-agglutination at the highest dilutions were considered reactive only to Leptospira interrogans.
On the property, the most likely match serovar showed the largest titer and the highest number of positive reactions. A property was considered positive when presented at least one reagent animal to Leptospira interrogans.
All samples were tested to Brucella abortus antigen by buffered acidified plate antigen test (BAPA2) and 2-mercaptoethanol test (2-ME2). The antigen for BAPA consisted of an inactivated cell suspension of Brucella abortus strain 1119-3, pH 3.65 ± 0.05, in a concentration of 8%. For 2-ME test the concentration was 4.5% (Paraná Institute of Technology -Tecpar). The BAPA was considered positive when macroscopic agglutination occurred and 2-ME was considered positive when there was formation of a precipitated film on the bottom of the tube and clear supernatant. The sample was considered positive when reagent in both serological tests.
Statistical Analysis
The results obtained from epidemiological and serological study were analysed by Epi Info 3.5.3 [7] . Statistical significance of observed results and the expected ones, were analysed by Chi square (χ 2 ) and Fisher's exact tests in a 5.0% of significance level. The measure of association was determined by Odds ratio (OR) in a confidence interval (CI) of 95%.
RESULTS
From 1,055 goat sera analyzed, 9.9 % (104/1055; 95 % CI 8.12 to 11.81 %) were positive for Leptospira spp., while for Brucella abortus were negative. The reactive sera (104) Table 1 .
The variables in the epidemiological study analyzed by statistical significance are described in Table 2 . 
DISCUSSION
In small ruminants, particularly goats, few studies have been conducted in Brazil in order to identify risk factors associated with infection by Leptospira spp. [16] . Paraná State does not have epidemiological studies in this way, which highlights the importance of performing this work, considering that leptospirosis has great economic importance and causes direct and indirect damage to herds, among them goats.
During years 2003 and 2004, in a study in Rio de Janeiro State were observed a prevalence of 11.1% (111/1000) [19] and in the semi-arid of Paraíba State found 8.7% (98/975) of reagents goats [14] , both results were close to those found in this work. While in Rio Grande do Sul State a prevalence of 3.4% (12/354) in dairy goats were found [31] , this can be justified by the fact that dairy farms have higher veterinary care and better care in managements, reducing the risk of infection.
In Uberlândia city Minas Gerais State, found a prevalence of anti-Leptospira spp. antibodies in 31.30% (72/230) of goats, and 66.67% of the titers were 100 [30] , this results are similar to ours (72.1%; 75/104 with title 100), demonstrating the chronicity of reactive animals in epidemiological studies. The chronicity found shows the risk of further spread of the agent to other animals and humans, as these goats with low levels of antibodies, can be carriers and eliminate the bacteria to the environment, without any clinical signs.
When we analyze the dispersion of agents between the regions we can observe variations in prevalence in flocks. Schmidt, Arosi & Santos [31] studied the prevalence of leptospirosis in 22 properties of dairy goats in Rio Grande do Sul State and found a prevalence of 13.64% (3/22) . In the semi-arid region of the Northeast, Higino et al. [15] found 43.6% (48/110) of the properties with positive animals, showing a prevalence in herds similar to our study 48.42% (46/95).
This was the first study of the prevalence of anti-Leptospira spp. antibodies in goats in Paraná State, in which a homogeneous distribution of properties with reagent animals throughout the state was observed, as can be seen in Figure 1 .
Among reagent goats, the most likely prevalent serovars observed were: Pyrogenes 21.15% (22/104), Hardjo 18.27% (19/104) and Bratislava 10.58% (11/104), while in the positive properties the most likely prevalent serovars were: Pyrogenes 21.74% (10/46), Hardjo 10.87% (5/46) and Autumnalis 10.87% (5/46). In São Paulo, was reported a prevalence of 2.4% (15/616) in goats, the most likely prevalent serovar was Pyrogenes with 21% of the reagent animals [11] , similar to the results found in this study (21.15%).
However in Minas Gerais State had lower results for the prevalence of this serovar (13.13%), this can be justified by the ecosystem and the presence of wild animals [30] . Pyrogenes serovar was isolated in wild animals, humans, Uganda cattle, goats and sheep from Sudan [12] . In Brazil was isolated from wild animals [29] . In this work the variable presence of wild animals (P = 0.0095) (deer with P = 0.00005 and capybaras with P = 0.0283) was statistically associated to risk of leptospirosis in goats. It is known that wild animals are reservoirs of serovar Pyrogenes and can be the source of infection and spread of the agent to herds. In a study in cattle herds of Maranhão also noted that the presence of wild animals like capybaras and deer were risk variables for leptospirosis [32] . Due to the increasing ecological imbalance, wild animals, especially capybaras, tend to migrate to urban centers and crops, causing further spread of the agent [6] .
In a study in Rio de Janeiro State, observed 42.7% of goats reagents to Hardjo serovar, results superior to that found in our study (18.27%; 19/104) . Regarding the properties, in this study the serovar Hardjo was the second most likely prevalent (10.87%; 5/46) [22] . Superior results were found in Rio de Janeiro State, where they observed 72.1% of the positive properties for that serovoar [19] . The serovar Hardjo can be present in bovines, sheep and pigs as reservoir, and in this study the presence of pigs in properties was statistically (P = 0.0003) associated to risk of leptospirosis in goats. Similar results were observed in cattle study in Bahia State, where pig farming was also associated factor with leptospirosis, which is an important reservoir for serovars as Hardjo, Pomona, among others [24] . Bratislava was the third most prevalent serovar with 10.58% (11/104) of the reagent goats, being that this serovar presents as main reservoirs: pigs, horses and rodents. In a study in Rio de Janeiro State, observed lower prevalence than found in our study, with only 3.8% of reacting animals [20] . It indicates that Hardjo and Bratislava serovars are keeping in herds through the dissemination of pigs to goats and vice versa, since the presence of pigs in properties was statistically associated to leptospirosis in the present goat population.
In semi-arid of Paraíba State found the Autumnalis serovar as the most prevalent in properties with positive animals, being observed in 10.9% (12/110) of them [14] . These results were similar to that observed in our study that had the Autumnalis serovar as the third most probable with 10.87% (5/46) of the positive properties. This serovar has as main reservoir the rodents, animals that were present in 83.2% of the properties according to the epidemiological questionnaire (not statistically significant). This reservoir was present in flocks enabling the delivery of Leptospira spp. to other animals and humans, showing great health and public health concern.
In the analyzed properties the production type (meat, milk and mixed) were statistically (P = 0.0063) associated to risk of leptospirosis in goats, and most properties had production type meat (80.7%; 851/1055). In a study with cattle in Mato Grosso do Sul State, observed that the production type meat had 12.17 times more chances to have infection for at least one serovar of Leptospira spp. when compared to production type milk or mixed [13] . The production type meat is a form of creation in which the animals have no care of zookeepers and continuous veterinary care, in this type of farm animals are in the field, grazing away from the center of individual managements, taking care sporadically, more predisposed to the risk of spreading disease among them.
Among the environmental variables, the final destination of sewage was statistically (P = 0.01390) associated to risk of leptospirosis in goats, and the answer dry sump was more present with 11.7% (83/710). This is a big problem in rural properties, requiring greater attention of authorities for proper disposal of this wastewater, reducing water and food contaminationin. In a study of canine leptospirosis in Curitiba Paraná State, found that areas with lower socioeconomic and environmental conditions, with the presence of open sewers near homes, garbage and debris had statistically higher risk for spread of leptospirosis [2] .
Among the variables related to management, the herds that used rented pasture or shared pastures also were statistically (P = 0.0015) associated to risk of leptospirosis in goats. Similar results were found in a study with cattle in Bahia State [24] , where the share of pasture was presented as an associated factor, which suggests the contamination of pastures and water by the animals coming from other properties and by the intense movement of new animals. With the sharing of pastures a greater flow of animals transiting in the pickets occurs, allowing not only flocks of goats, but other species also, to use the same pastures and become more exposed to certain diseases.
The slaughter of pigs, sheep, cattle and goats on the property showed statistical (P = 0.0214) association to risk of leptospirosis in goats. Which is a problem for animal and human health, for not having sanitary inspection nor sanitary conditions suitable for personal protection to the operator and to the consumer of the final product. The same was observed by in a study of cattle properties in Bahia State, where they noted that the slaughter of animals on the farm was a variable associated with the risk of leptospirosis [24] .
The variable frequent abortion appeared as statistically (P = 0.0133) associated, and abortion is one of the main clinical signs of leptospirosis in farm animals, particularly goats. A study with goat herds in Espírito Santo State found a higher risk of occurrence of abortion, with 15.61 times greater chance of miscarriages in animals reagents in serology for leptospirosis compared to not reagents [5] . Prevalence of 48.8% (61/125) in females reagents for Leptospira spp. in an outbreak, in which the main clinical sign observed was abortion [21] .
The absence of circulating anti-Brucella abortus antibodies in the studied herds has also been reported in northeastern Brazil [1] , with prevalence between 0.6% [27] and 0.2% [33] .
CONCLUSIONS
In this study, it was observed that the most prevalent serovars circulating in animals and properties were Pyrogenes and Hardjo. The main reservoirs of these serovars are wild animals and pigs, respectively. The presence of both animal species were statiscally associated to risk of leptospirosis. It is necessary avoid the acess of these animals in herds, decreasing the dissemination of the agent.
The factors statistically associated with leptospirosis, that remain not described in goat herds, are: production type meat, sewer destination in dry sump, shared use of pastures, slaughter of animals on the property, the presence of pigs and wild animals such as deer and capybaras on the property. The knowledge of these results will be useful to develop control programs for the disease in Paraná State herds, since this epidemiological study is the first in the state. 
Declaration of interest.
The authors report no conflicts of interest. The authors alone are responsible for the content and writing of the paper.
